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Abstract Introduction

Bacterial endotoxin (lipopolysaccharide, LPS) Natural killer (NK) cells are defined as a
and interleukin-2 (IL-2) are known to stimulate NK population of lymphoid cells that mediate spontaneous
cell mediated cytotoxicity against tumor cells. In cytotoxicity against neoplasms, virus-infected cells,
the present report we sought to correlate the stimu- normal cells in vivo without deliberate sensitization
latory effect of LPS and IL-2 on NK cell activity (Herberman Ina--liolden, 1978; Trinch!eri and
with ultrastructural changes which occurred as a re- Perussia, 1984). NK cells are also capable of
sult of such stimulation. Peripheral blood mononu- providing protection from bacterial (Lopez, 1980). and
clear cells (PBMC) were purified from healthy doncrs parasite (Eugui and Allison, 1982) infections. Recent
by a Ficoll-Hypaque density gradient technique. evidence indicates that NK cells are also involved in
Leu-I la+ NK cells were isolated by flow microfluoro- regulation of growth and function of hemopolettc and
metry using a monoclonal FITC conjugated anti-Leu- lymphoid cells (Mangan et al., 1984; Hansson et al.,

lIla antibody and a FACS II cell sorter. The PBMC 1982; Arai et al.. 1983; Pistoia et al., 1983). In
were incubated, respectively, with E. coli LPS or rodents (Reynolds et al., 1981; Kumagai et al., 1982;
recombinant IL-2 (IL-2) for various tii--e-periods. Eremin et al., 1980), felines (Herberman et al., 1980).
Sorted Leu-ila+ NK cells were incubated with LPS canines (Krakowka, 1983), and human and non-human
for 24 hours. The NK cytotoxicity in the P1MC and primates (Savary and Lotzova, 1986), the NK cyto-
sorted Leu-lla+ cells was assessed by a 5 ICr release toxicity is associated with a population of large
technique using K562 tumor cells as targets. Leu- granular lymphocytes (LGL) which are characterized
1la+ NK cells were identified by immunoelectron by Fc receptors for IgG and abundant cytoplasm con-
microscopy using anti-Leu-1la antibody and labeling taining numerous cytoplasmic granules (Timonen et
with horseradish peroxidase cr colloidal gold. al., 1979; Saksela et al., 1979; Abo and Balch, 1981;

*PResults showed that both LPS and IL-2 significantly Herberman et al., 1979). The ultrastructural and
enhanced the cytotoxic activity of PBMC. The cyto- cytochemical studies ot LGL Indicate that the cyto-
toxicity of sorted Leu-lla+ cells was augmented by plasmic granules contain lysosomal enzymes and are
LPS. Recomtinant IL-2 i,iduced a significant in- involved in cytolysis of target cells (Roder et al.,
crease in the number of dense granules, hypertrophy 1980, 1982; Huhn et al., 1982; Grossi et al., 1982;
of Golgi apparatus and rough endoplasmic reticulum, Babcock and Phillips, 1983; Nocera et al., 1983;
and mitosis of Leu-7+ cells and Leu-lla+ cells 4 or 7 Zuckor-Franklin et al., 1983; Kang et al., 1987a;
days after st:mulation.- These data indicate that: (1) Neighbour et al., 1982). In humans, functionally only
the effect of LPS on the enhancement of NK cyto-- about 80% of LGL are active NK cells (Timonen et
toxicity in PBMC may be a di:ect end/or indirect al., 1982a), which clearly indicates that LGL, in fact,
process involving production of lyinphokines; (2) LPS represent a heterogeneous population of cells with
has a direct effect on sorte L.u-la+ cells; (3) IL-2 various phenotypes and functional capabilities.
stimulates mitosis of Leu-7+ cells and Leu -11a+ cells; Various surface antigens and characteristics in
and (4) the LPS or IL-2 induced ultrastructural human LGL have been observed (Allavena and
changes in Leu-lla+ cells are consistent with the Ortaldo, 1986). Among these surface markers or
enbalaced NK cytotoxicity. antigens, Leu-7 (HNK-1), Leu-11 (NKF-15), and Leu-

19 (NKH-l) are the most common and important
markers, and have been broadly used to identify

Key words: Lipopolysaccharide, interleuhin-2, natural human NK cells in the peripheral blood, tissue fluids,
ki-ler Lell s, immunoelectron microscopy, cytotoxicity, and tissues (Cerf-Bensussan et al., 1983; Si and
ultrastructure, cytochemistry Whiteside, 1983). The recent development of the

commercially available monoclonal antibodies against
Leu-7, Leu-1l, and Leu-19 antigens permits extensive

Address for Correspondence: studies on the morphological and functional proper-
Yuan-Hsu Xang ties of human NK cells. Using two-color flow cyto-
Pethophysiology Division, CCRD, metry, investigators have shown that human NK cells
Naval Medical Research Institute, express different combinations of Leu-7 and Leu-ii
Betnesda, ,blD 20bi4-5055 or Leu-19 antigen (Lanier et al., 1983, 1986). NK

cells with Leu-7-/Lcu-iin+ or Leu-I7-/Leu-19+ pheno-
Phone No: (202) 295-1740 type are the most potent effectors in human
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peripheral blood, whereas cells expressing Leu- heat-inactivated pooled human AB serum (Flow Labo-
7+/Leu-11- or Leu-7+/Leu-19r are the least effective ratories, McLean, VA), 1% glutamine (Gibco Labora-
in NK z-ctivity (Lanier et al., 1983, 1984; Phillips and tories, Grand Island, NY), 1% penicillin/streptomycin
Babcock, 1983; Gebel et al., 1987). Our previous and 2-mercaptoethanol at a concentration of 5 x
immunoelectron microscopic studies ot human NK 10-5 M. Cells were incubated in tissue culture
cells using an immunogold and immunoperoxidase flasks (type 25100, Corning Glass Works, Corning,
double-labeling technique indicate that human peri- NY) containing a total of 10 ml medium with 10, 50,
pheral blood lymphocytes (PBL) contain 5% Lou- and 100 ug/ml LPS in a humidified atmosphere
74ILeu-lla-, 15% Leu-7+/Leu-11a+, and 9% Leu-7- containing 5% C0 2 in air for 24 h. The controls
fLeu-lla+ NK cells (Rang et al., 198'a) and also were cultured under the same conditions in the ab-
show that effector cells binding to K562 target cells sence of LPS. Cells were harvested for ultrastruc-
are predominantly Leu-l1a+ (Mang et al., 1987b). tural and cytochemical examinations, and cytotoxicity

Most previous studies on the ultrastructure and assays 24 h after incubation. Culture supernatants
cytochemistry of human NK cells were performed on were collected for interferon assays.
Percoll-purified LGL (Huhn et al., 1982; Grossi et al., Purified Leu-11a+ cells were treated with 50
1982; Babcock and Phillips, 1983; Ferrarini and ugiml LPS in the same manner in microtiter plates at
Grossi, 1936). However, reports have shown that 370C for 24 h. Cells were harvested for cytotoxicity.
only 90% of the Percoll-purified LGL express Leu- assays after incubation.
lla+ phenotype (Phillips and Babcock, 1983) which is PBMC were also incubated with recombinant IL-
known to be a surface marker for functional human 2 (IL-2) (Cetus Corporation, Emneryville, CA) at a
NK cells (Lanier et al., 1983, 1984; Kang et al., concentration of 500 International Units (IU) per ml
1987b). In addition, anti-Leu-11 antibody reacts with in the same conditions as above for 4 and 7 days.
virtually all the NK cells which express anti-tumor Cells were harvested for immunoelectron microscopic
cytotoxic activity (Phillips and Babcock, 1983). examination and cytotoxicity assay after incubation.
Therefore, immunoelectron microscopic labeling Phagocytosis
methods for NXK c..l identification using anti-Leu-11 FD Uwere incubated with opsonized heat-killed
antibody are believed to be the most reliable means Stap hylococcus aureus in culture flasks at 37 0 C for 4
to study the ultrastructure and cytochemistry of s! Cell were then labeled with anti-Leu-lls anti-
human NK cells (Kong et al., 1987a,b). body and processed for immunoelectron microscopy.

Lymphokines including interferons (IFN) and Inmmunoelectron Microscopy
interleukin-2 (IL-2) have been shown to augment the Reagents. Mouse monoclonal antibodies (MoAB)
cytotoxicity of NK cells (Djeu et al., 1982; Ortaldo aqi 3insfrtLeu-7T NKK-1), Leu-11 (NKP-15) and Leu-19
et al., 1984; Svedersky et al., 1984; Weigent et al., (hKH-1) surface antigens of human NK cells were
1983). Studies have also indicated that the prolifer- obtained from Beeton Dickinson Monoclonal Center,
ation of NK cells is IL-2 dependent (Smith, 1984; Inc. (Mounta!n View, CA). A Vector ABC kit con-
Hefeneider et al., 1983; Domzig et al., 1983). A re- taining a biotinylated anti-mouse IgG, avidin D, and
cent report shows that interleukin-4 (B cell stimula- biotinylated horseradish peroxidase (HRP) was pur-
tory factor 1) induces lymphokine activated killer chased from Vector Laboratories, Inc. (Burlingame,
(LAK) cell activity and augments this activity in CA). Goat anti-mouse IgG or lgM antibody conju-
combination with IL-2 (Mule et al., 1987). In addi- gated with 10, 20, or 40 nm colloidal gold (GAMG1O,
tion, the bacterial endotoxin (lipopolysaccharide, GAMG2O, GAMG4O) was procured from Janasen Phar-
LPS), a potent immune regulator, has been shown to maceutical, Inc. (Piscataway, NJ). The specificity of
enhance NK cytotoxicity (Fink et al., 1984; Gangemi all monoclonal antibodies used in this study are
et al., 1980; Nowotny, 1985: Kang, et al., 1988). presented bi Table 1.
However, the ultrastructural and cytochemical aspects Labeling with Antibodies. All PBMC samples
of the mechanisms by which LPS and IL-2 exert from different experiments were incubated, respec-
their effect on the enhancement of human NK activi- tively. with olotinylated anti-Leu-7, FITC conjugated
ty are unclear. The present paper reviews the im- anti-Leu-lia, and anti-Leu-19 in RPMI 1640 medium
munoelectron microscopic identification of human NK in ice for 60 min. Cells were fixed In suspension in
cells and reports the effects of LPS and IL-2 on the 1% glutaraldehyde/l% paraformaldehyde in ice for 20
ultrastructure of Leu-11a+ NK cells as well as the rini (Kang et al., 1985), Biotin-conjugated anti-Leu-
correlation of these effects with functional changes 7 antibody was stained directly by an ABC procedure
in NK activity, using HRP as an electron-dense marker (Kang et al.,

1985). Anti-Leu-lla and anti-Leu-19 antibodies were
Materials and Methods visualized by the ABC method via a biotinylated

anti-mouse IgG or by colloidal gold linked anti-mouse
Cell Preparation IgG (Kang et al., 1987a).

Peripheral blood moronuclear cells (PBMC) were Cell samples prelabeled with anti-Leu-lla or
obtained by Ficoll-Hypaque centrifugation of hepari- antl-Leu-19 antibody were also incubated with car-
nized peripheral venous blood from healthy volunteer boxylate beads (1 trn size) coated with anti-mouse
donors (Boyum, 1968). Lou-h1a4 cells were isolated IgG (Polysciences, Inc., Warrington, PA) or with 40
from PBMC by a FACS 11 cell sorter using a mono- nm gold linked anti-mouse IgO in ice for 30-45 min
clonal anti-Leu-lla antibody conjugated with FITC prior to fixation in 1% glutaraldehyde/1%
(Becton Dickinson Monoclonal Center, Mountain paraformaldehyde for 20 min. After fixation and
View, CA) according to the method described by washing, cells labeled with antibody-coated beads
Biddison et al. (1981). were incubated with 10 nm gold-lirked anti-mouse
Treatment of Cells with LPS and L,-2 IgG as described previously (Rang et al., 1985). The

PBMC were suspended at a concentration of 1 x samples were processed for both scanning (SEM) and
106 cells per ml in RPMI 1640 supplemented with 10% transmission (TEM) electron microscopy.

1568



LPS, IL-2 and Human NK Cells

Table 1. Specificity of monoclonal antibodies prepared with a diamond kpif5 ,ere bir. glairre
In lead citrate, and examme n a

Monoclonal Specificity TEM. For SEM, cells were monolayered on polyly-
antibody sine coated cover glasses, dehydrated in a series of

graded ethanol solutions, dried in liquid CO 2 , shad-
Leu-7 HNK-I antigen, large granular owed with gold and palladium or with a thin layer of

lymphocytes and subset of NK cells, carbon only for cells labeled with colloidal gold
(GAMG40) and examined in a JEOL JSM 35CF SEM.

Leu-lla NKP-15 antigen, Fc receptor of The overall procedure for immunoelectron
(CD 16) large granular lymphocytes, microscopy is summarized in Figure 1.

NK tells and neutrophils.

Leu-19 NKH-1 antigen, IL .2 dependent Cell Preparation
clones, NK cells, but not neutrophils.

----------------------------------------------. (Ficoll-Hypaque Density Gradient)

Dual Labeling with Antibodies. A pe',oxidase-
colloidal'goli double 11 iefn~gproe-dure wsas im1ed to 2,500 rpm/20 min'225oC
identify NI cells displaying a combinatien of Leu-7
and Leu-11a antigens. PBMC were incubated with Incubation with MoAb in RPMI 1640
anti-Leu-11a (IgG immunoglobulin) after 3 washings in ice
in the RPMI 1640 medium. Anti-Leu-7 antibody was 60 min
stained by 10 nm colloidal gold linked anti-mouse
IgM in ice for 60 min immediately after incubation Washing (3) in RPMI 1640
with the primary antibody. Cells were then fixed in
suspension with 1% glutaraldehyde/1% paraformalde- J
hyde in ice for 20 min. Anti-Leu-lla antibody was Fixation in 1% glut 1% paraf Incubation with
stained by HRP using the ABC method via a bio- in ice gold-linked
tinylated anti-mouse IgG (Kang et al., 1987a). 20 min 2nd antibody or

Labelinig of Effector-Target Conjugates with 2nd antibody-
Anti-LOu-l1a or Anti-Leu-7. For determination of) coated beads
the phenotypes of functional NK cells, effector-tar- Washing (3 in 0.1 Vi sodium
get conjugates were prepared by incubation of PBMC cacodylate buffer I in ice
with K562 targets at 50-1 ratio in RPMI 1640 medium 1 35-60 min
at 370C for 60 min and then reacted, respectively, overnight Iwith antt-Leu-Ula and anti-Leu-7 according to the 411C Washing (3) in "

procedures reported previously (Kang et al., 198Mh). RPMI 1640
Enzyme Localization in Leu-Ila" Cells

In order to examine the efrect of LPS and IL-2 Incubation with biotinylated Fixation
on the activity of acid phosphatase (AcPase) or anti-mouse IgG in Tris
Ca 2 +-ATPase in Leu-lla+ cells, cells exposed to LPS buffered saline 7
for 24 h or treated with IL-2 for 4 days were la-| Cytochemistry SEM
beled with anti-Leu-Ila and 10 nm gold-conjugated room temp
anti-mouse IgG, and then nrocessed for localization 60 mill
of enzymes according to the following methods.

AcPase. Cells treated with LPS for 24 h prela- Washing (3) in -ris ;aline
beled w-tHthe specific antibodies were fixed in 2%
glutaraldehydeil% paraformaldehyde at 4°C for 30 Fixation in 2% glut/1% paraf
min. After overnight washing in 0.1 M sodium room temp
cacodylate buffer (pH 7.2) in a refrigerator, cells 20 min
were processed for AcPase localization by the method +
reported earlier (Kang et al., 1985). Washing (3) in Cacodylate buffer

Ca 2 +-ATPase. Cells treated with LPS for 60 *
min or 24 h and cells treated with IL-2 for 4 days Avidin-Biotin-HRP (ABC)
were used for the enzyme localization. After la- room temp
beling with anti-Leu-lla and anti-mouse IgG conju- 60 min
gated to 10 nam gold, cells were fixed in 3% para-
formaldehyde at 40C for 30 min. Following overnight Incubation in DAB & H2 02
washing in sodium cacodylate buffer in a refrigera- room temp
tor, samples were processed for localization of Ca 2+ - 35 min
ATPase by a technique modified from the method re- +
ported by Ando et al., (1981). Disodium salt of ATP Postfixation in Os04
(Sigma Chemical Co) was used as a specific substrate 40C
and cerium chloride (Sigma) was used to capture the 2 h
reaction product of the enzyme activity. 4
Electron Microscopy TE M

All samples were postfixed in 2% osmium te-
'roxide at 4 0 C for 2 hr, dehydrated in a series of Fig. 1. Summary of the procedure for immunoelectron

'aded ethanol solutions, and embedded in PolyBed microscopic labeling of human NK cells using
,eolysciences, Warrington, PA). Ultrathin sections immint ogold and immunoperoxidase techniques.
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2.

Fig. 2. PBMC labeled with anti-Leu-h1a, and visualized by carboxylate beads coated with anti-mouse IgG, and
nffi-•ifngold linked anti-mouse IgG. A. Scanning electron micrograph of a Leu-11a+ cell shows binding of

beads to the cell surface. B. Transml-ssion electron micrograph of a Leu-lla cell labeled by the bead (b)
and 10 nm gold grains on -TMe cell surface. Inset indicates a magnified cytoplasmic projection (arrow)
revealing gold labeling.
Ni PBMC labeled with anti-Leu-19 antibody and 40 nm gold conjugated anti-mouse IgG, and processed for

. . Using back-scattered electron Image (BEl) combined with secondary electron image (SEI) technique,
the Le---19+ cell is identified by numerous gold grains (white dots) on the cell surface. B. The same micro- -q
graph of Fig. 3A demonstrated by BEI ix, reverse polarity. Black dots on the cell surfac-e are gold grains.

Statistical Evaluation. Assay for NK CytotoxicitY
The changes in the number of electron-dense EMtector cells were obtained from PBMC which

granules in Leu-74 cells and Leu-lla+ cells 4 and 7 had been washed with RPMI 1640 after incubation
days after stimulation with IL-2 was assessed by with TPS or IL-2. K562 myeloid cells (American
counting the granules in an ultrathin section of a Type Culture Collection. Rockville, MD) were used as
cell which was sectioned through the nuclear plane. target cells for cytolytic assays. Cytotoxicity assays 4
At least 50 cells were evaluated. The number of were performed in 96-well v-bottom microtiter plates
granules per cell section was expressed as mean ± (POC Scientific, Gaithersburg, MD), and each effect-
standard error.
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or, target (EIT) ratio was performed in triplicate.
Target cells were radiolabeled with 240 uCI of
NaO'CrO4 for 60 to 90 min at 370C, washed 3 times
and viable target cells in 50 microliters of medium
were added to varying numbers of effector cells (in 4
100 microliters of medium). After Incubating in the
microliter plates for 4 to 6 h at 370C, 50 miceroliters
of supernatant were removed from each well. In
addition, each assay contained target cells Incubated
with medium alone in the absence of added effector
cells (spontaneous release) and target cells Incubated
in 5% Triton X-100 (maximum release). Percent
specific cytotoxicity was calculated as follows:

Percent Experimental Spontaneous
specific =release (CPM) -release (CPM) 0
lysis Maximum -- ' spontaneous 10

release (CPM) release (CPM)

The cytotoxicity of the purified Leu-11a+ cells
after 24 h incubation with I.PS was assessed by the
same procedure. A duplicate assay was performed 5
weeks later.
InL'erferon Assays

Th uernatant of the culture medium was col-
lected 24 h following Incubation with various doses '

of LPS. Total interferon was assayed iin human KB,
cells as previousl., reported (Maheshwari and
Friedman, 1980). The titers of Interferon were de-
termined against an international standard of human
gamma interferon from NIARD, N111. Bethesda, MD.

Results

Identification of leu-11a4 and Leu-19+ NK Cells by
EMBy SEM, Leu-lla* cells were identified by bind-

ing of many anti-mouse IgG coated 1 uim beads on
the cell surface which had numerous microvilli with
various lengths (Fig. 2A). TEM of the same cell
sample also revealed that Leu-l1a4 cells wore bound 14
by the bends and gold grains on the cell surface
(Fig. 2B). By SEM Leu-191 NK cells could also be
recognized by the presence of numerous gold grains
on the cell surface (Figs. 3A.B).
Ultrastructure of NK Cells

Leu-7t/leJu_--11a__" Cls. Cells of this subset
were identified by gold lMel ng on the cell surface.
These cells displayed a smooth cell surface with a
few cytoplasmic projections, an irregular or reniform W.PM
nucleus, Golgi complex, simple rough endoplasmic 41B
reticulum (RER), mitochondria, small vesicles, and
multivpsloular bodies. Electron-dense granules, par-
allel tubular arrays (PTA), and paracrystalline inclu- Fig. 4. PBMC processed by an Inimunogold and imi-
sions woe" not observed in this subset. The cells munoperoxidase double labeling technique. A. Lou-
had high nucleocytoplasmic (NWC) ratios (Kang et al., 74-/Leu-1la4' cell labeled by HHP rcaction pro~act for
1987a). Leu-lla antigen and gold grains for Leu-7 antigen.

Leu-7"ILeu-11a' Cells. The majority of human B. Under-exposed micrograph of Fig. 4A to reveal
NK celilsin the PBL expressed a positive combination g-od grains on the ccll surface.
of Leu-7 and Leu-lla. antigens. These cells were
stained by both IIRP reaction product and colloidal Lei-'r/Leu-Ila+ Cells. Lcu-7-Rou-11of cells
gold on the cell surface (Fig. 4). This NK subset wore -slinnea only by HRRPreaction product on the
had a low N/C ratio (Rang et al.. 1987a). The Len- ccll surface. There were no distinct differences in
7+/Lcu..lla+ cells had a reniform nucleus, well the cytostructure between Le-41,u1a cells and
defined Golgi complex, centrioles, many electron- Iou-7-/Lcu-l1a* ce!ls (Kang et al.. 1987a). The
dense granules, HER, PTA, paracrystalline inclusions, abundant cytoplasn contained all the major NK
multivesicular bodies, and numerous mitochondria characteristic or~ganelles such as elect ron-dense
(Fig. 5). granules, PTA, paracrystalline irelusions, vaeuoles,

and Golgi complex (Fig. 6). The pziracrystalline
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Fi .1 5. P 13MC processed by__
aui immunogold and

* immunoperoxidase double
*labeling technique. it

Micrographs illustrate the
ultrastructure of Leu- .

A. Well-defined Golgi
~ipeelectron-dense Om

granules (arrow hepads), a

and a centriole (c) are 7PO.51im
seen in the cell. Inset ~ ~.~~a
(a) is an under-exposed
magnified micrograph of
the same ccli revealing
gold grains on the cell___
surface.

B. Paracrystalline ain- ¾ -

s Ton (arrow), many veal-
cles, and (Iolgi complex
aro shown in a Lou-
74'/Leu-11a4' cell. Inset
(b) is an under-exposed
micrograph of the same 4
cell to show the paracrys-
tallinc Inclusion (arrow) t-.V
and gold grains on the
cell surface.

0.~4 PMA0/p
b

inclusions were ofte.a observed in association with terized by having a broad cell-to-ccll contact with
PTA. target cell% by a shallow cytoplasmic Intordiritntion

Leu-l9+ Cells. Ultrastructurally Leu-19+1 cells and polarization of cytoplasmic organdlics toward
had a mcrphology resembling that of I~eu-7+/1.eu-lla+ target (Fig. 8). The polarized organelles included
and Leu-7-/Leu-1la+ cells. These cells hind a ireni- electron-dense gri.nules, vacuoles with membrancus
form nucleus, A higher N/C ratio. villous cell surface, materials or PTA, small vesicles, Ciolgi complex, and
well defined Ciolgi complex, distinct RER, numerous contrioles.
electron- dense granules. mitochondria, and cenirioles Phagocytosis
(Fig. 7). This subset represented approximately 16% IngestR~ bacteria were observed in phongocytic
of PI3L. vacitoles of Leu-lti + cclls (Fig. 9) as reported
Effector and TargetConugates previously (Kang ct al.. 1987b). In one case, 37% of

W~epfiiouiy-re-port~ed that most of the effec- the l~eu-lla* cells from LPS-treated PIIMC dlisplayed
tor cells displaying "true" conjugation with target ingestion of bacteria, while only 15% of Leu-Ila+
cells werk' Leu-llA+ cells (Kang et al.. 1987a). Thc cells in the freshly isolated PI3MC hand bacteria (Kang
[,eU-110+ calls binding to K562 target were cliarac- et al.. 1988).
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P6.e4.

Fi. . et-7I/Lcu-11a* cells in PI3MC labeled by an immunogold and Imniunoperoxidase method.
K A-MWhrograph depicting the ultrastructure of a Leu-7/Leu-11a-l cell which contains Goigi complex (G), a
3eintriole (C), and vesicles with electron-dense meterial (arrows). B. Vacuoles (arrows) containing electron-

* ~dense or memnbrainous materials are often observed in Lext-7IMeu-fMh+ cells. C. Memibranec-bound electron-
dense granule (arrow) and parallel tubular arrays (PTA) characteristics of LeuZ'ý/Lcu1Ila+ cell are shown in
the micrograph. 1). Paracrystailine inclusion (arrow), vacuole with electron-dense material (arrow head), and
inultivesicular hod~y 'MIVII) arc observed in Leu-7-/Leu-I1a+ cells.

*Effect of I.PS and IL-2 on the Ultrastructure and granules were often found !in the cytoplasin of ILcu-
Cytocitenistr o0 Lu-Iia' Cell 1Ln0 cells treated with 100 jig/iml LPS which was the

Som uit t s ictural alterations were observed dose showing the most potent effect on the cytotoxi-
in Leu-iis" cells 24 h after incubation with LPS. city. Tubulorctioular inclusions (TRI) were observed
The cisternace of RERI, nuclear envelope, and (lolgi in the cisternac of hER in Lou-1Ia+ cells treated
saccules showed apparent distendxon (Fig. 10). Nui- with 50 or 100 jig/nil IJIS for 24 hi (Kang ot al.,
mnerous smiall vesicles an(I many large electron-dense 1988). Increased AcPase activity was also observed
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Fig. 7 (above). PBMC laboled with
antl-Leu-tg and stained by HRP via
anti-mousc 1gG uning the ABC meth-
0(d, A. Micrograph shows a Leu-19+
cell s~ained by IMP reaction product.
B. lligher magnification of a Leu-l9*

k.X electron-dt,!'- ranulcs (arrows), and
VJ -multivesicular .ýdios tiuvh).

K PIK. 9(to the right). PDMC incubated
I'- (with op on ed heat -k illed

1' ~~' \Staphylococcus Ourculs aind labeled
I1 OFF Tiiih antibn-ody. Ingested
bacteria (asterisk) are clearly seen in
a Leu-1la+cel

CXp)oROd to Efor 2 hr. The cell
sos iistinct dilation of the
csencof Golgi saccules (G), nu-

j562 ' clear envelope. and rougn cudoplasMic
reticuluni 00r. Electron d-mse
granules (arrows) tire frequentiy
observed In these cells.

8/

Ft g8. Effector-target conjugates labeled with anti* Lou-11a antibody anid stained by IMP viat anti-ainuse IgG
usir_%he ABC niethod. Two Ikui-1lA~ celis (NK) ore attAching to a K~k2 target cell. Note the organtelles of
the NK cells are oriented toward the target cell.
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LI.s IL-2 And Human NK Cells

incubation with IL-2 (Figs. 14A, 11). The ntim-
ber of celotrondnso g~ranutea In both Leu-7

~7. ~ cells Aid Lett-Ila' cells Increased significtiltlY
~. as compared to the non-stimulated control cells

~ ~'(1p < 0.001). Ali Average of 2.34 ± 1.0 Anid 2.87
- -' ±1,1 granulsm p)er cell section were, respective-

110 ~ly. found in Lou-?' colle (Fig 15) And Loeu-tlt%+
cells (Fig. 16) 4 days after stimulationi with IL-
2, white only 1 58 ± 1.0 gritnules per cail soc-

___ **~ ~tion wore observed In nort-IL-2 treated control
samples. Afte~r ?-day treatment with IL-2, all
Average of 5.7 :k 2.6 granules per call section
was found In Lou-Ila4 oils (Fig, 17'). whereas09

________only 1,2 ± 0.8 granules per call section were
S counted In the unstimulatocl Lou-ha4 colls. TitI

were also observed In the otasternac of HE~R of
4 Len-74 cells after stimulation with IL-2 for 4

days (Fig, 18). Higher CR2 4 -ATPase activity
was observed In Len-h1a4 cells stimutlatedl with --

* ~ < IL-2 for 4 (lays As compared to that of tho
Inon-stlmulated L*u-ha4t (%Olls.

Enhatnceennlt of NK Activity and Interferon
- I'rokluction b~y Lru
- ,1 iesults from the cytotoxicity assays mndi-

caied 1.5- to 2-fold increases in the N1( cyto-
toxicity of P13MC treated with LI'S for 24 It as
compared to the non-LPlS treated controls
(Table 2). In some cases, the increase in cyto-

in toxicity correlated dlirectly with anl hicrease tit
LI'S concent rations. There was a significant
increase in NK activity in sorted Lou-1140 cells
Incubated with 50 ig/mI LI'S for 24 It as comn-

~. pared to frostily Isolated Lou-110 cells (p
(~~~~f~ \ .2irLuu 4 claIcbted hi vitro for 24

~I *t hin Ohe absence of LI'S (1p 0.03) T Ae~ :3).
In parallel with NK cytotoxicity, the total

I -A~ interferon levels tin the supernatants of the
_,cs. , %...LI'S-t rcated PUNI3C showed a significant (lose-

dependent incerease w ithi LI'S concentrations
(Table )

Table 2. Percent of NK specific lysis of 1(562
V, cells following 24 hir exposure of P1IIMC to

-~'Arying concentrations of LI'S from Hi. co~l

%Klilli1mg Interferon
( /T ratio (1l)/til)

50:1 12: 1

I.lOPM Control 41.92t3.5 18.011 1. 1 0 _

10 14gIol I.PS 54.11±1.2 24.73t±4 13

inl the same cells as compAred to that of the control so) 71.36± 5.1 43.34t 3.4 50
cells. As compared to the control Lett-ha+ cells
(Fig. 11) the C0 2,4-ATI'asc activity was distinctly 100 100!0.7 51.33± 0.9 150
deercased in the LPS-trestod Lee-1is 4 cells (Fig.
12). - - - - - - - - - - -- - - - - -

With respect to the uitrastritctural effect of It-
2 oil Lcu-7 4 cell-, and Len-11a4  cells from IL-2 Enhancement of NK Activity by IL-2
treated PUMIC, prefound changes were found 4 and 7 ~A slglllTtauffy Righr pecnaeof target celis
dlays after stimulation with the lymphokine, Many were killed by effectors stiaminted with lIL-2 for 4
blastoid forms of ILeu-7 4 cells And Lcei-hla~ cells or 7 dlays ats compared to that of the controls (p)
were seen withi an average mlaximal diameter of 10.00 0.05) Crable 4), As seon it,. Tablo 4, tit least a t0-
±t 0.6 vam (Fig. 13A). ('olls with mitotic figqures were fold increase in the cytotoxicity was observed 4 days
also often observedl (Fig. 131B). Rough enclopla.smic after stimulation with 11.-2.
reticulum and Golgi complex were extensively hyper~-
trophied inl Leii-lint cellsz partictklarly 7 (lays after
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TAPS, 11-2 and Human 14K Cells

Table 3. Prerent of NKx specific
lysls of K562 eoils inl sorted Len-hia'
ceils following 24 It incubattion with Q
50 ug/n1 i'Us

S peclflo ('ytotoxieity (%)

D~ay 0 (prior
to incuibation)

56.6±4.4 N. D. j

24 Ih Incubation
withee'" lAPS

24 11 incubation
wixI l.PS

70.1±5.8 60.1±1.7

*E/T ratio, 20i1; N4.D., not done

Discussion

Accurate cell identificationi Is a
jproroqulslte for study of thle influt-
oncee of 1.1S and lymphoktines onl thle
%iltrastructure and cytoeherniistry of
human 14K coils. We have establishied 13A
a techn ique for immuniooleetron
microscopic idontiflcation of human
14K cells using imnuinoperoxidaso and
imniunogold systems and have found
that the preflx-itlon nijtbod by mnet-
lintlon of live cells Wit)h it specific
primary antibody prior to fixation is .~s

thle mjost effective al:I reliable
technique for labeling human 14K cells O
expressing Leu-?. Lan-il a. nd Len-lU A;PrM

suirface antigens (Hang ot al., 1985,
1987a,b). Manarn and his coworkersV
(1984, 1985, 1986a,b) have employed a

postfixation methiod to label hutman
NKcells witlh Lut-7 and( luot- tin sur-

face Olntigenls. Indeed, thle anti-
serve(d following a brief fixation in l

tglutartildely dot I parnformalde-
hyde (Hang ot al., 1984, 1905), hlow-
ever, tho aintigunlicity of LuV-I Ia and9
Loui-tO I.-, oftenl diminished Or totally r 9
abrogated following such fixation 11 t, Y.
(Kong et al., 1985). 'rhoe Len-tin
c1ells presented by Manara (1985. t
1986a) in several papers are milcA)kq
Similar to the size and tilt ristructu re
of human amonoc0ytOs th111 thle LOU- o
tilt cells which wero Identified by
our established prefixattion laeIng
mle-thod. In filet. humanl menlocytos4
have also becit showni weakly stained
by anlti--LOU-i Ta antibody (Hang et 130
Ill.. 1985). Inl addition. thle IMP

Fig. 13 (above). PBBMC incubated with IL-2 for 4 to 7 (lays and labeled withi aniti-Len-I Ia antibody.
CV7bl'rog Wri-VsIows at large iI.-2 stimulated b~l:stid LOeX:- tin cell and a small resting Lell-i Ta cell. _

117. large I~exi- tin' cells with chiromosomels (0ii). distincet rough endoplasmic retleiclum, and electron-dense
gi:.nilels aire nole:) Obrnfled in P11MGI 4 (days after ILI-2 stiml alit ionl.



Kang YH, Carl M, and Watson LP

Fig. 14. PBMC exposed to
-2 Mr 7 days and stained

by anti-Leu-Ila antlbody.

A A. Micrograph shows
10 Fighly hypertrophied rough

14A endoplasmic reticulum in a
Leu-11a+ cell.

B. Golgi complex is also
fi3ypertrophied in Leu-11a4
cells.

t"

Table 4. Percent of NK specific lysia of K562 cells staining on the cell surface of Leu-7+/Leu-1la+ cells
in P1B following exrosure to 500 lU IL-2 for 4 and shown by Manara et al. (1985, 1986a,b) is possibly a
7 days stain produced by osmium and ferrocyanide (OsFeCN)

which was used for postfixation by Manara's group.
%Specific Lysis Utilization of OsFecN as a second fixative in

immiinocytochenilstry ean be a pitfall since OsFeCN
has been shown to stain glycocalyx of muscle cells

Donor 1 EIT radio (Forbes et al., 1977) and lymphocytes (our unpub-
lished observations).

25:1 12:1 6:1 The Leu-7+/Leu-lla- cells display a cl-,ser
- ultrastructural similarity to human T cells (Kang et

Day 0 6.2±0.1 4.7±0.1 1.5±0.1 al., 1987a) and hibve been reported to be an immature
form of NK cells (Manara et al., 1965). This subset

Day 4 63±0.3 63.2±0.1 62.6±0.2 is known to be the least effective NK cell in human
PBL (Lanier et al., 1983). As compared to iLeu-i1a+
cells, ultrastructurally Leu-19+ cells seem to show a

Donor 2 closer relationship to Leu-7*/Leuj-l1a4 and Leu-7-
50:1 25:1 12:1 /Leu-11a+ cells. These morphological differences may

- reflect the variations in NK capacity among NK sub-
Day 0 73.2±9.4 54.2±8.0 50.1±3.5 sets. The Lcu-11a+ Cells identified by switl-Leu-lluI.. alone in the LPS and IL-2 treated samples could be
Day 7 92.5±-6.9 88.3±0.2 75.3±3.8 either l~eu-7+/Leu-11a+ or Leu-7-/Lou-11al cells

according to their ultrastructuiral characteristics.

1578



LPS, IL-2 and Human NK Celia

The lineage of NK cells remahis uncertain. NK sure to LPS suggests active synthesis of new materi-
cells have been traditionvlly described as non- als possibly for fabrication of electron-dense granules
phagocytic lymphoid cells that mediate spontaneous
cytotoxicity against tumor target (Grossi et al., 1982;
Huhn et al., 1982). However, other investigators
have demonstrated ingestion of , lcteria by LGL
(Babcock and Phillips, 1983) and ingestion of bacteria
by lymphocytes containing PTA (Payne and Nagle, R
1980) which are thought to be a marker structure of
human NK cells (Payne and Glasser, 1981; Burns et
al., 1982; Zucker-Franklln et al., 1983). Our
observations of endogenous peroxidase (Mang et al., --
1987a) and phagocytic activity (Mang et al., 1987b, *

1988) in Leu-lla+ cells provide additional evidence "
supporting the notion that the human NK cell is a
"phagocyte in lymphocyte's clothing" (Babior and
Parkinson, 1982).

The membrane-bound electron-dense granules
are classically described as the main ultrastructural
characteristics of NK cells. They contain glycopro-
tein, lysosomal enzymes including acid phosphatase.
arylsulfatase (Mang et al., 1987a; Zucker-Franklin et
al.. 1983), and trimetaphosphatase (Frey et al., 1982),
perforins (Henkart, 1985) and serine esterases (Young
et al., 1986). Thus, the electron-dense granules are ,
believed to be Involved in the process of NK cell-
mediated cytolysis (Neighbour et al., 1982; Nocera et
al., 1983; Grossi et al., 1982; Babcock and Phillips, -

1983; Zucker-Franklin et al., 1983; Carpen et al.,
1981; Frey et al., 1982). Blockage of the secretion
of these cytoplasmic granules by monensin (Carpen et

al., 1982) or induction of the secretion of these 15
granules by strontium prior to binding to target cells
(Neighbour et al.. 1982) impairs NK activity. In the Fig. 15. PBMC exposed to IL-2 for 4 days and
present study, we have observed a significant in- wawith anti-Leu-7 antibody and stained by HRP
crease in the number of the electron-dense granules using the ABC methods. Numerous electron-dense
in Leu-lla+ cells after exposure to IL-2 for 4 or 7 granules are observed in Leu-74 cells.
days. This increase shows a positive correlation with
the IL-2 enhanced NK activity.

PTA have been consistently observed in Leu-7*
cells and Leu-lla+ cells (Kang et al., 1985, 1987a,b,
1988; Manara et al., 1984, 1985) as previously found
in LGL (Huhn et al., 1982; Zucker-Franklin et al., ..
1983; Payne and Glasser, 1981; Payne et al., 1983;
Payne, 1984; Henkart and Henkart, 1982). Therefore,
this unique organelle has been considered as a V_
marker structure of human NK cells (Babcock and
Phillips, 1983). Cytochprnically PTA have been shown jiY • •
to contain acid phosphatase, arylsulfatase, and
glycoprotein (Kang et al., 1987a). The presence of
lysosomal enzymes in PTA and the close association
of PTA with paracrystalline inclusions suggest that
the latter is possibly derived from PTA (Kang et al.,
1987a). The function of PTA remains uncertain.
Reports have indicted that PTA may be involved in 41
induction of membrane lesions of target cells
(Zucker-Franklin et al., 1983; tienkart et al., 1982;
Podack and Dennert, 1983; Tschopp et al., 1982;
Dennert and Podack, 1983). A recent report shows ) ,
that the paracrystalline inclusions in human NK -"

clones are possibly involved in cytolysis of target
cells (Caulfield et al., 19R7). However, we have not 'I.•
observed PTA or paracrystall.ne inclusions in Leu-
11a+ cells following In vitro incubation with or 1
without IL-2 for 4 to 7 'aysT.--Whether this structure
is related to NK cytotoxicity requires further
investigation. FX. 16. PBMC stimulated by IL-2 for 4 days and

Elaboration of Golgi complex and rough endo- qtbe•e•with anti-Leu-Ila antibody. Many electron-
plasmic reticul;um in ieu-lla+ cells following expo- dense granules are present in the Leu-lle+ cell.
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(Farquar. 1985) or for production of
IFN (Dieu et al., 1982). In fact,
increased acid phosphatase activity
was observed in Leu-l1a+ cells which

- were exposed to higher doses of LPS.
An Increase In the size and number
of electron -dense granules may facdit-

r9 tate the lytic abllity of NK cells.
Whether the prochvcts, of rLPS stimula-

creae bndin ofeffector cells to

targe iels rmisuknown .tobWrq er i
raeobgsnivadithat of- sicrotuuieandl

reoriintatiion of Cytpa2-Tnsmi
oractvel yLen in NK-1a cells dmrngth
Anul ia n-ncrease of intracellular C 2 a
Ce&ls (CAnaolaetid et .1. 198 86).
C82t is knwel etableqished tia

ineorferntaio of icludinglasmia
irgnterferoin(N-)atv NK cellsdrnth

aetivated ch ytooicitpragrains tuor
cells (Aaerbeina et al., 19879;). er

195,In th el pesetablstudy thet
poitivfern correlaionofdingreasedma
inctereonoict wIithr prdctiont of cllN

mehancedetof cytotoxicity ininttuo
V',b thell forbrmatin of Tl., in79 Lueuoa

ofeFto al. cells is also indicavted-s
cells. RIn ahe aprovent marker of

A, poSl Nsitimucorlation ofinchumane PB
cyto(Grimey e ith a roucio 18)Reort have

-o shownst that LPS indcs proltduto thf

alhaandebenta onef NKyonsic in mco

9Ao *N on 1977 a ells and ptalsinydi198e)
However pormdation of TIFin e-r by

Ncells. Treqires actiovatin fromero-
INstimulation wt P in Tua celsan
1986;le etumr andN.an, 1988).Rprthv

Fio' 17 PBMCexposed to L-2 for 7 dhswandttat t LPSiiduuee production ofthiteer.
ra1~~~~~~~~&~~~~ith~~alh nt-eulaatb~yThnubro Inedteitmate betrastruturaln asoIain mcof
electon-dnse ranuls issignficanly icreaed huanhages and cel withs (monyeshas beenHo

*~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~97 afterl 7-lyepsr oI-.Te(og ope G bevdi ua C(ang ept al., 1983h).
is ~~so laboated Stuies ave HowevthtrG productino IFN-r folow

ing IL-2 stimulation wTinthieri et a T. 1984; rando
Fig. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~N 18.l requir celaxosdtctivo y. ta. 18;Yun n r atdo, 1987) InLhi

reticulum~~~~~~~~~~~ ooaLu7 el ne ihr pouto fINr byaTcelpags orL(Hlancads et al.,

magnification~~~~(988 ofteTre18) lhug sapoortdhaa direct idcfortIc-
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ýAM_,tht--~uIl atio,.y Te umerof Inee, heInimteulratrctra asoiaio o



1

LPS, IL-2 and Human NK Cells

1985) and LGL (Pistola et al., 1983) via stimulation References
with IL-1 which is produced by macrophages / mono-
cytes following LPS stimulation (Arend et al., 1985; Abe T, Balch CM (1981) A differentiation
Dinarello, 1985; Haeffner-Cavaillon et al., 1984) and antigen of human NK and K coil identified by a
LGL (Herman and Rabson, 1984). In fact, thiz monoclonal (HNK-1). J Immunol, 127: 1024-1039.

* mechanism of LPS-stimulated IL-2 production has Allavena P, Ortaldo JR (1986) Separation and
been recently demonstrated ir. human periphe~'.,l characterization of phenotypically distinct subsets of
blood mononuclear cells (Le et al., 1986). NK cells. In: Immunobiology of Natural Killer Cells,

In addition to the indirect effect of LPS on the Lotzova E, Herberman RB, eds., CRC Press, Inc.,
enhancement of NK cytotoxicity, LPS may also exert Boca Raton, FL, 22-32.
a direct effect on human NK cells as indicated by Anasetti C, Martin PJ, June CH, Hellstrom KE,
the increased NK cytotoxicity of sorted Leu-11a4  Ledbetter JA, Rabinovitch PS, Morishita Y (1987)

Scells and the incorporation of LPS by these cells Induction of calcium flux an" enhancement of cyto-
(Kang et al., 1988). lytic activity natural killer cells by cross-linking of

Results from our studies also showed that IL-2 the sheep erythrocyte binding protein (CD2) and the
significantly enhanced NK cytotoxicity against K562 Fc-receptor (CD16). J Immunol, 139: 1772-1779.
targets and caused hypertrophy of Golgi complex and Ando T, Fujimoto K, Mayahara H, Miyajima H,
rough endoplasmic reticulum, and mitosis in addition Ogawa K (1981) A new one-step method for the
to the increases in electron-dense granules in Leu- histochemistry and cytochemistry of Ca 2 +-ATPrse
11a+ cells. Similar observations of the effect of IL-2 activity, Acts Histochem Cytochem, 14: 705-726.
on the ultrastructure of NK cells have also been Arai S, Yamamoto H, Itoh K, Kumagai K (1983)
recently reported in Percoll purified human LGL Suppressive effect of human natural killer cells on
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Authors: Micrographs of Figs. 2A and 2B sahwing C. Iuca:,•: In Fig. 4, how do you determine the
'inding of carboxylate beads to the surface of Leu- degree o0 exposure needed to demonstrate gold parti-

Ita" cells were not prepared at the same msgn-fica- cles in double labeled cells? Was this verified by X-
tion and enlargement. The magnification of Fig. 2B ray analysis?
is slightly higher than t..at of Fig. 2A. Samples for Authors: Colloidal gold has high electron density
SEM and TEM were fixed identically with 1% gluier- andi-T- clearly visible with HRP reaction on the cell
aldehyde/1% paraformaldehyde. Cells for SEM were surface of labeled cells in the negatives. However',
critical point dried using liquid CO 2 . the normal exposure time for a continuous %one

micrograph always obscures the appearance of gold
P. Grimley: Is there any evidence that LPS induces grains. Therefore, an underexposure procedure is
Interferon directly in the sorted Leu-lla+ cells or is required to demonstrate gold particles on the cell
a mixture of PBMC subtype rpquired? Have there surface. In this case, a normally exposed continuous
been any tests to determine the specific type or tone micrograph was initially prepared to determine
relative proportions of interferons induced by LPS in the reduction of exposure time. The normal exposure
these or other experiments? time was gradually decreased until individual gold
Authors: We have no direct evidence to show that grains were clearly shown in the peripheral adrface
sorteG Leu-la 48 cells produced interferons after of the cells. X-ray microanalysis was not performed.
stimulation with LPS. We did not assay the super-
natant front the culture of sorted Leu-lla* cells with H. Gamliel: There is only limited information on the
LPS. However, reports have indicated that Leu-lla+ rationaile of testing whole PBMC vs Leu-11+. Is it
cells mey produce interferons following stimulation not better to compare Leu-il- instead?
with LPS. Studies show that interferons are pro- Authors: It is well documented that cells expressing
duced by LGL in which 90% of the cells express Leu- MUM antigen are the most potent NK cells in hu-
Us phenotype as stated in the Discussion section. man peripheral blood (Lanier et al., 1983; Phillips and
Interferons can also be produced by T cells end Babcock, 1983). The aim of the present study is to
monocytes/macrophages stimulated with LPS. Gamma elucidate the possible mechanism of how LIPS and IL-
interferon has been reported to be produced by T 2 stimulhte NK activity. This is why Leu-h11 cells
cells and NK cells stimulated with LPS (Blanchard et were chosen for the present study. It is known that
al., 1986; Matsumura and Nakano, 1988). LPS stimulates production of interferons by PBMC

and interferons stimulate NK cell mediated cytotoxic-
C. Bucana: What proportion of Leu-11a+ cells are ity as stated In the Discussion of the paper. The
jl-g'0-fT in (a) freshly isolated preparations and reason why we treated sorted Leu-ll+ cells with LPS
(b) in the IL-2 and LPS treated preparations? was to elucidate whether LPS has a direct effect on
Authors: Approximately 15% of Leu-lla+ cells from purified Leu-ll+ cells with respect to NK activity.
freshly prepared PBMC displayed ingestion of bactc- iResults showed that LPS does have a direct stimula-
rla as compared to 36% of Leu-lla+ cells from LPS- ting effect on the NK activity of Leu-ll+ cells in
treated PBMC (Kang et al., 1988). We did not per- addition to morphological effects. This is also
form the study on the effect of IL-2 on the phago- confimr d by incorporation of LPS by Leu-Il+ cells
cytic activity of Leu-11a+ cells. (Kang et al., 1988).

C. Bucana: With reference to the granule formation H. Gamliel: From the Abstract, and Materials and
fii-iU-'-- eated cells, did you observe degranulation Methods fl" seems that Leu-ll+ cells were not treated
when these cells reacted with tumor target cells or with IL-2, while the results bring data on Leu-l 4+
whern these cells phagocytosed bacteria? cells treated with IL-2. Do the results on Leu-11+
Authors: We did not particularly focus on the de- (after IL-2) refer only to Leu-ll+ cells from the IL-
gra-la tion in the present study. Degranulation has 2 treated PBMC? If yes, why did you not treat iso-
been reported in NK cells when NK cells are in con- lated Lou-ll+ cells with IL-2? or at least why was
tact with target cells (Neighbour et al., 1982). Al- this possibility not reviewed here?
though there was no statistical information on the Authors: It is correct that we did not treat sorted
numbers of granules in Leu-isa+ cells that phago- riuT-- cells with IL-2. In this report, the IL-2
cytosed bacteria, we did observe fewer or no dense stimulated Leu-il+ cells were, in fact, from IL-2
granules in these cells, treated PBMC. The major aim of the present study

is to correlate IL-2 induced morphological changes in
C. Bucana: Was thymidine incorporation done on leu-ll+ cells with functional alterations following
cells treated with IL-2 or LPS? It is difficult to IL-2 stimulatior. in an attempt to elucidate the mech-
conclude that IL-2 stimulates proliferation of NK anism by which IL-2 enhances NK acttvity. Lcu-11+
cells without an actual increase in cell numbers. cells were chosen for ultrastruetnral study because
Authors: Tritiated thymidine incorporation by Leu- these cells are the moat potent NK cells. The effect
'la cells was only performed in PBMC treated with of IL-2 on Lcu-ll4 cells ar.d Leu-ll- cells has been

LPS for 24 hours. I :sults showed that no incorpo- recently reported in adult peripheral blood and core
ration of thymidine was observed in LeU-11a+ cells blood. Seki ana his coworkers (1985) reported that
(Kang et al.. 1980). In fact, numerous studies have IL-2 significantly augmented NK cytotoxicity of Leu-
indicated that IL-2 stimulates proliferation of NK 11+ cells, but not Leu-11- cells.
cells (Phillips and Lanier, 1986; Trinchieri et al.,
1984; Timonen et al., 1982a: London ct al., 1986). H. Gamliel: Several studies have shown that Lou-1l+
We did observe that 18% of the total peripheral are precursors of lymphokine activated killer (LAK)
blood lymphocytes were Leu-19+ cells after 4 days cells, and when incubated with IL-2, they become
incubation with IL-2 as compared to 3% Leu-19+ cells potent LAK cells that induce lysis of tumor targets.
in the PBMC without treatment with IL-2 Do the results of this study refer to the same cell
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population (in IL-2 treated PBMC), and how do the (Trinchieri et al., 1984). Anti-Tac monoclonal anti-
A Fetional and ultrastructural changes seen after LIPS body which recognizes IL-2 receptors, does not block

"* "' treitnient of Lou-11+ relate to the LAK definition of the recombinant IL-2 induced increase of NK activi-I .A.el eta.(195) hae shwnthtpr r- ty. but blocks the proliferation of NK cells once ac-
Aithors -4ttoh et al. (1985) have shown that precur- tivated (Ortaldo et al., 1984). This result suggests

. '.L Q ,-r. • iq.'c'mbinant IL- 2 activated killer cells which the possible existence of two different receptors or
4k e ,'eyvtotiic for solid tumor cells are a subset of binding sites. Indeed, reports have shown IL-2 re-
NK cells with Leu-7-/Leu-ll+ membrane phenotype. ceptors consist of at least two different molecules,
Theyhavezshown that IL-2 stimulated sorted Leu-11÷ one being the 55 kda Tac-binding molecule and the

;', cells displayed significant increases in cytotoxicity other a 75 kda IL-2 binding molecule, thoe high affin-
"against both noncultured melanoma tumor cells and ity portion of the IL-2 receptor complex (Tsudo et
K562 tumor cells. However, no significant increases al., 1986). With respect to the effect of IL-2 recep-
in the cytotoxicity against noncultured melanoma tor on cell proliferation, NK cells and T cells re-
tumor cells were found in non-IL-2 stimulated sorted spond differently to IL-2. HK cells respond directly
Leu-11 cells which had high NK activity against to IL-2 by strong proliferation. Some T cells require
K562 tumor cells. ThAs clearly indicates that IL-2 the presence of IL-1 to display proliferative response
stimulates production of NK cells capable of lysing to IL-2 (Aribia et al.. 1987) since IL-i promotes the
target cells which are not susceptible to non-stimula- expression of functional Tac+ IL-2 receptors on these
ted Leu-ll+ cells. In our studies, we did observe cells (Lowenthal et al., 1986).
that Leu-11÷ cells from IL-2 stimulated PBMC dis-
played significant increases in cytotoxicity against C. Grossi: This reviewer is only concerned about
K562 cells as compared to Leu-11- cells from the one point' which is reiterate4 throughout the manu-
same PDMC sample (data nut included in this paper), script (Abstract, Discussion), i.e., that IL-2 induces
Based on our observations and other reports, the IL- proliferation of all 1,0L1 subsets. The only evidence
2 activated Leu-114 cells are possibly overlapping for this concept is provided in Fig. 13B showing a
LAK cells. In the present study, PBMC were only mitotic figure. However, there is ample evidence in
treated w!th LPS for 24 11. Whether sufficient the literature to support the contention that IL-2
amounts of IL-2 were produced by T cells via stimu- induced enhancement of cytotoxicity is not related to
lation of IL-1 produced by monocytes is not known, cell proliferation. The Reviewer would like to -ee a
The augmentation of cytotoxicity by LPS in LPS- quantitation (e.g., by tritlated thymidine uptake) of
treated PBMC is possibly attributed to production of the direct proliferative effect of IL-2 on otherwise
interferons in the PBMC instead of interleukins. unstimulated Leu-7÷, Leu-Il÷ and Leu-19÷ cells.

Authors: As itrdicated by Dr. Grossi, we did observe
H. Gamliel: Can yeou elaborate on the extent andior mitotic figures in Leu-7+ , Lou ll+, and Lou-19+ NK
rimportince of specific receptors for LPS or IL-2 for subsets 4 days after stimulation with ih-2. The
the ultrastructurelfunctional changes to be induced? numbers of each subset from the IL-2 treated PBMC
Authors: It is well established that many cellular for 4 days were increased as compared to those of
acties are triggered by the interaction of ligand the non-Ill-2 treated samples. For instance, 18% of
with receptors. For example, LPS stimulates mono- the total lymphocytes (monocytes were excluded) dis-
cytes to produce some important mediators related to played Lou-19 antigen as compared to 3% in the non-
the pathogenesis of septic shock. No reports have IL-2 treated cotrol, Although thymidine incorpora-
shown receptors for LIS in human NK cells. We tion study was uot conducted in the present report.
previously observed binding of LIPS to Leu-11a+ cells the results cle•rly indicated that IL-2 stimulated
and lnge,:tion of LIPS by these cells (Kang ct al., proliferation of NK subsets, In addition, many re-
1988). The binding of LFS to the cell curface of ports have shown that IL-2 directly activates prolif-
l,eu-1li+ indicates the possible existence of mem- eration of LGL (Phillips and Lanier, 1986; London et
brane e"•ceptors although receptor study has not been al., 1986). We totally agree with Dr. Grossi that IL-
done in the present report. A rec.,nt report indi- 2 induced enhancement of NK activity is not related
cates that LPS and gamma interferon strongly in- to cell proliferation. Our unpublished data did show
crease IL-2 receptors on human peripheral monocytes that 89% specific lysis were observed two days after
(Wahl et al.. 1987). Specific IL-2 receptors have IL-2 stimulation compared to 54% specific lysis in
been reported in T cells and NK cells (Cantrell and unstimulated samples, In the same samples, 12.7% of
Smith, 1984). Internalization of IL-2 has been shown the total lymphocytes were found to be Leu-11 cells
in thymoma cells following binding to its receptors. in the unstimulated samples, while only 9.7% of lyr-
The interaction of IL-2 with its receptors elicits phocytes expressed Leu-lI antigen 2 days after IL-
enhancement of NK cytotoxicity in short-term culture treatment. Study on the incorporation of tritiated
(Lanier et al., 1985) and proliferation of lymphokine- thymidine by NK cells of different subsets following
activated killer cells to lyse cultured solid tumor IL-2 stimulation will be initiated in the near future.
cells usually insensitive to classical NK cell killing
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